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A c c e p t e d M a n u s c r i p t 4 feeds, or falling asleep during feeding; and parental concern would be more applicable (Paliwoda & To examine whether observations from a Standard Observation Tool, applied to three neonatal Early 137
Warning Tools, would hypothetically trigger an escalation of care more frequently than actual escalation of 138 care using the Standard Observation Tool. 139
140

Materials and Methods 141
Study Design 142
A retrospective matched case control study. 143
144
Setting 145
A maternity unit in a tertiary public hospital in Australia. 146
147
Participants 148
Following ethical approval from institutional review boards, neonates inborn between January and December 149 2013, of greater than or equal to 34 +0 weeks gestation, admitted directly to the maternity ward from their 150 birthing location (birth suite or operating theatre), were identified from databases of the study hospital. These 151 neonates were then categorised into their gestational age groups, i.e., late preterm (34 ) and from these groups the cases and controls were identified 153 (Supplementary Flowchart 1). The cases were those neonates deemed well and admitted to the maternity 154 ward but who subsequently deteriorated and required admission to the neonatal unit. All late preterm and 155 post term cases were included. A computer software program was used to randomly select a sample from the 156 early term cases, and then to randomly select three matched controls for each case in each age group. The 157 controls were neonates deemed well, admitted to the maternity ward, and subsequently discharged from the 
Standard Observation Tool (SOT) 163
The study hospital uses a Vigilance and Baby Management Chart (referred to in this study as the Standard 164
Observation Tool), which was developed by the study hospital and to the best to our knowledge has not been 165 validated nor has its clinical effectiveness been examined. This tool is used routinely for all neonates at the 166 study hospital from the time of birth until discharge in all maternity settings (excluding the neonatal units). 167
The policy of the study hospital is that all neonates have observations every 15 minutes for the first two 168 hours in birth suites/centre. This includes oxygenation saturations and blood pressure monitoring prior to 169 discharge to the maternity ward. Once transferred to the maternity ward, newborns must have observations at 170 least eight hourly, although in the event of maternal risk factors, such as Streptococcus Group B colonisation 171 or an intrapartum event, the frequency of observations is increased (Queensland Government, 2012b) . 172
173
The Standard Observation Tool allows for the documentation of routine physiological, clinical, and 174 behavioural observations such as respiration rate, heart rate, blood glucose level, method of feeding, volume 175 of feed consumed and documentation of elimination. Oxygenation saturations and blood pressure are not 176 routinely monitored in the maternity ward. The tool also incorporates a comments column, which allows for 177 documentation of objective observable behaviours such as irregular heartbeat, vomiting, distended abdomen, 178 and the degree to which the neonate is unsettled, inconsolable, grimacing (pain), or sleepy. The comments 179 column appears to facilitate the documentation of actions taken and/or escalation of care in response to any 180 abnormal physiological or behavioural observations. 181
182
Early Warning Tools 183
Despite the absence of a published, validated 'gold standard' neonatal Early Warning Tool (Paliwoda & 184 New, 2015) , a number of Early Warning Tools are being used in neonates. However, we considered several 185 of these as not being suitable for neonates in maternity settings for reasons such as: a wide age range, for 186 example 0-3 months or 0-12 months; specific design for use in paediatric settings, or the set physiological 187 Warning Observation Chart is a single parameter colour-coded system of red, yellow, and green that prompts 230 escalation of care for clinical, physiological and observational data (heart rate, respiration rate, temperature 231 and oxygen saturations). Observations or symptoms that would indicate central nervous system or airway 232 compromise are additional assessable items charted using letters and can also trigger escalation of care. If all 233 observations are in the green zone, no escalation of care is required. If two or more observations are in the 234 yellow zone or one in the red zone, then immediate review is required. The clinical effectiveness and utilityA c c e p t e d M a n u s c r i p t 8 of this tool has been examined but not rigorously tested to assess reliability and validity (Roland, Madar, & 236 Connolly, 2010) . 237
238
Data parameters 239
For this study, physiological observations were considered abnormal if they fell outside the normal reference 240 range of the study hospital protocol. In charting the observations from the Standard Observation Tool onto 241 each of the three other Early Warning Tools, it became apparent, with the exception of respiratory rate, there 242 is a lack of consensus on 'normal' reference ranges (Table 1) . 243 244 Heart Rate ≥120 bpm 
Data collection 261
Between April and June 2015, the first author retrieved the medical charts of cases and controls, collected 262 and charted the source data onto each of the three Early Warning Tools. The source data were the dataA c c e p t e d M a n u s c r i p t 9 documented on the Standard Observation Tool. However, the clinical notes were reviewed to confirm 264 whether an escalation of care or action was taken if this was not documented on the Standard Observation 265
Tool. If the source data or documentation in the clinical notes was unclear to the first author, the second 266 author reviewed the medical chart and consensus was obtained. The data were charted from the first recorded 267 observations on admission to the maternity ward until discharge to either the neonatal unit (case) or home 268
(control). 269 270
Data analysis 271
Data were entered into IBM SPSS data editor Version 22 (SPSS Inc., Chicago, IL). Descriptive statistics (n, 272 %, Mean and SD) were used to report differences between neonatal and clinical characteristics for cases and 273 controls and to determine the frequency of cases and controls triggering an escalation of care. 274
275
Results
276
Participant characteristics 277
Neonatal and clinical characteristics for the 26 cases: late preterm (n=8), early term (n=16), post term (n=2) 278
and 78 controls are presented in Table 2 . As a surrogate marker for initial wellness, we report the majority of 279 cases had Apgar scores ≥7 at 1 and 5 minutes, as did controls. 280 281 
Performance of the early warning tools 285
The performance of each of the early warning tools is reported according to their actual and hypothetical 286 incidence of triggering an escalation of care. Firstly, we report the summary of results for triggering an 287 escalation of care for cases and controls (Table 3) . Followed by the cases that did or did not trigger an 288 escalation of care on the Standard Observation Tool, and whether these cases hypothetically triggered on 289 each Early Warning Tool (Table 4) . We also report controls that either had an observation within the normal 290 
≥ 7 7 (87.5) 16 (100) 2 (100) 24 (100) 48 (100) 6 (100)
A c c e p t e d M a n u s c r i p t reference range of the hospital or that did not trigger an escalation of care on the standard observation tool, 291 but hypothetically triggered on at least one Early Warning Tool (Table 5) . 292 293 
LPT -Late preterm; ET -Early term; PT -Post term; SOT -Standard Observation Tool 296 297
Of the 26 cases who were well and subsequently deteriorated, abnormal observations recorded on the 298
Standard Observation Tool triggered an escalation of care for 24 (92.3%) cases. The observations charted on 299 each of the three Early Warning Tools hypothetically triggered an escalation of care in between 3 to 21 (11.5 300 -80.8%) of cases, depending on the respective tool (Table 3) . Subgroup analysis by gestational age revealed 301 that the New South Wales Health Tool was hypothetically more responsive in triggering an escalation of care 302 for late preterm neonates than the Standard Observation Tool, and for all gestation age groups compared to 303 the other two Early Warning Tools (Table 3) . 304
305
The observations of 78 controls were reviewed to ascertain the incidence of observations that did or did not 306 trigger an escalation of care by the Standard Observation Tool and whether these observations would have 307 hypothetically triggered an escalation of care on any of the Early Warning Tools. There were 32 (41.0%) 308 controls which had an observation recorded on the Standard Observation Tool in which the clinician 309 indicated an escalation of care. The number of control observations that hypothetically triggered an 310 escalation of care for each of the Early Warning Tools varied between 1.3 -69.2% (Table 3) . 311
312
Cases triggering an escalation of care 313 314
Cases that did or did not trigger an escalation of care were identified by the standard observation tool and 315 examined using each of the early warning tools (Table 4) . A c c e p t e d M a n u s c r i p t
Standard Observation Tool 319
Those observations identified by clinicians as outside of normal reference range by the study hospital, 320 triggered an escalation of care in 24 (92.3%) cases using the Standard Observation Tool. The two cases that 321 had no documentation of escalation of care were late preterm newborns, one with a heart rate of 180 beats 322 per minute and the other with a respiration rate of 148 breaths per minute (Table 4) . 323
324
The Australian Capital Territory Neonatal Early Warning Score (ACT NEWS) 325
Of the 26 cases, the tool that hypothetically triggered an escalation of care the least was the Australian 326
Capital Territory Neonatal Early Warning Score. The observations triggered an escalation of care for three 327 neonates (11.5%), two late preterm (25.0%) and one early term (6.3%) ( Table 3) . Of these neonates, one 328 (Case 5) had an observation that entered the dark purple zone which hypothetically triggered a medical 329 emergency team call and the other two (Cases 8 and 22), had abnormal observations that when combined, 330 resulted in an aggregate score of ≥4 thereby hypothetically triggering an escalation of care (Table 4 ). The 331 remaining late preterm (n=6), early term (n=15), and post term (n=2) cases in which the abnormal 332 observations did not trigger an escalation of care were a result of the pre-determined aggregate score for 333 escalation not being reached. In addition, this tool does not measure a number of physiological (e.g. blood 334 glucose level), clinical (e.g. vomiting) and behavioural observations (e.g. sleepy and not feeding), resulting 335 in the tool potentially not identifying subtle signs of deterioration for 11 of the cases (Table 4) . 336
337
New South Wales Health Early Warning Tool (NSW Health) 338
Of the three Early Warning Tools, the New South Wales Health Early Warning Tool hypothetically triggered 339 an escalation of care for the majority of cases (n=21; 80.8%). This tool hypothetically triggered an escalation 340 of care for 100% of post term cases, 75% of early term cases and identified one additional late preterm 341 neonate compared to the Standard Observation Tool (Table 3 ). The four early term cases (10, 11, 14, and 16) 342 did not trigger because, as for the previous tool, clinical and behavioural observations have not been 343 incorporated into the design of this Early Warning Tool. 344
345
United Kingdom Newborn Early Warning Chart (UK NEW) 346
The United Kingdom Newborn Early Warning Chart hypothetically triggered an escalation of care for just 15 347
(57.7%) of the 26 cases (Tables 3 and 4). Like the Australian Capital Territory Neonatal Early Warning 348
Score tool, this tool does not facilitate blood glucose levels to trigger an escalation of care and as such, the 349 majority of cases that did not trigger across all gestational age groups were for low blood glucose levels 350 A c c e p t e d M a n u s c r i p t
13
Controls triggering an escalation of care 369
Of the 78 controls, 44 had observations that were within the normal reference range of the study hospital 370 thereby not requiring any escalation of care. The remaining 34 controls had either an observation that ought 371 to have triggered an escalation of care by the Standard Observation Tool (n=22) or an observation that was 372 within the normal reference range of the hospital (n=12). At least one of the Early Warning Tools 373 hypothetically triggered an escalation of care for each of the 34 controls (Table 5) . 374
375
Standard observation tool 376
The 22 (64.7%) controls for which there was no escalation of care documented on the Standard Observation 377
Tool (nor in the clinical notes) were for observations such low or high temperatures (n=16, 47.1%), heart 378 rate (n=3, 8.8%), respiratory (n=1, 2.9%), or a multiple of observation (n=2, 5.9%). 379 380
Early warning tools 381
Of the 34 controls, the New South Wales Health Early Warning Tool hypothetically triggered an escalation 382 of care for 27 (79.4%) controls; the United Kingdom Newborn Early Warning Chart for 12 (35.3%) and the 383
Australian Capital Territory Newborn Early Warning Score just one (2.9%). 384 385
While the New South Wales Health Early Warning Tool was responsive to hypothetically triggering an 386 escalation of care for cases it was also responsive for controls, triggering an escalation of care for seven 387 (70%) late preterm controls, 19 (82.6%) early term and one post term control (Table 5 ). The triggering 388 observations were temperature variations (n=15, 44.1%); blood glucose levels (n=6, 17.6%); heart rate (n=3, 389 8.8%); respiratory (n=1, 2.9%); or a multiple of observations (n=2, 5.9%). The United Kingdom Newborn 390
Early Warning Chart was less responsive to triggering an escalation of care across all gestational age groups: 391 (late preterm (n=3, 30%), early term (n=9, 39.18%) and no post term, and the triggering observations were 392 similar to that of the New South Wales Health Early Warning Tool with the exception of blood glucose 393 levels (Table 5) (Table 5 ). However, given the significance of these observations 397 and that this neonate remained a control infant, one may theorise that the observation parameters were 398 inadvertently charted in the reverse columns. That is, the heart rate was recorded in the respiratory rate 399 The objective of this study was to examine whether observations from the Standard Observation Tool, 417 applied to three neonatal Early Warning Tools, would hypothetically trigger an escalation of care more 418 frequently than escalation of care using a Standard Observation Tool. Overall, for cases, the three neonatal 419
Early Warning Tools used in this study did not trigger an escalation of care more frequently than the 420 Standard Observation Tool. Although by gestational age group, one tool, the New South Wales Health Early 421
Warning Tool hypothetically triggered one additional case than the Standard Observation Tool. These 422 findings show that the design and measurement of observations in an early warning tool affects the 423 performance of the tool. 424 425 For the controls who had an abnormal observation and for whom the Standard Observation Tool escalated 426 care, none of the Early Warning Tools identified all of these abnormal observations. Nevertheless, for those 427 controls who had abnormal observations and the Standard Observation Tool did not escalate care, the New 428
South Wales Health Early Warning Tool hypothetically triggered an escalation of care considerably more 429 frequently than either of the other two tools (Table 5) . However, the majority of the observations triggering 430 an escalation of care fell within the zone directing actions to an increase in frequency of observations and 431 allowing the clinician to make judgement as to whether there is a trend suggesting deterioration and the need 432 for a clinical review. Similarly, the majority of observations on the Standard Observation Tool may have 433 been assessed as part of the overall picture of the neonate and in the clinician's opinion, not in isolation a 434 sign of deterioration. For example, in an instance of a high heart rate, 'crying' was noted on the Standard 435
Observation Tool for that observation and the subsequent observation was within normal range. 436
Additionally, for this study, we deemed that an escalation of care did not occur if observations were not 437 repeated within 30 minutes. However, for most abnormal observations, the frequency of observations were 438 increased, often being repeated within one to three hours. This may reflect the reality of current workloads in 439 busy maternity wards. Arguably, tools that are too responsive can potentially have a negative impact by 440 increasing workloads further of both nursing and medical personal when intervention was not required 441 (Cuthbertson & Smith, 2007) . 442
443
Design of Early Warning Tools 444
The three Early Warning Tools tested in this study demonstrated mixed results with cases and controls, 445 despite being similar in a number of design features such as incorporating contrasting colours to indicate 446 worsening abnormal observations and providing specific action prompts once the escalation criterion was 447 met. Notably each tool has implemented varying colour combinations to draw attention to worsening 448 observations. However, traditionally, the green (stable), yellow (caution) and red (danger) combination is 449 used in many instances in the health care industry for tracking progress (Parker, n.d), in related health 450 projects and even the 'traffic light' system (New South Wales Government, 2015) , the rationale for the 451 choice of other colour combinations in these tools are unknown. The results of this study suggest there are 452 three key differences between the tools: the scoring system used, measurement of additional observations 
Physiological reference ranges 470
There are significant physiological and neurological differences between the gestational age groups (Engle, population where there were variations in the set physiological ranges such as heart rate, temperature, and 482 blood glucose levels. Previous studies have suggested that the cut off for parameters is based on clinical 483 intuition and/or historical data rather than on rigorously gathered data (Cuthbertson & Smith, 2007) . The 484 effect of gestational age on physiologic parameters, for example, variations in heart rate between gestational 485 age groups has been documented (Fyfe, Yiallourou & Horne, 2012; Van Kuiken & Huth, 2013) . 486
487
Heart rate 488
The Autonomic Nervous System (sympathetic and parasympathetic systems) controls cardiac functions such 489 as heart rate, heart rate variability and blood pressure. Lack of control due to immaturity is demonstrated inA c c e p t e d M a n u s c r i p t the late preterm neonate by their exhibiting a higher resting heart rate (Fyfe, Yiallourou & Horne, 2012) . On 491 the other hand, post term neonates can exhibit a lower base line heart rate (Fyfe, Yiallourou & Horne, 2012) . 492
This variability precludes one set of heart rate parameters across gestational ages and hence, it is necessary to 493 standardise heart rate, by gestational age group within the neonatal population (Van Kuiken & Huth, 2013) . 494
495
Temperature 496
Newborns do not have the necessary thermoregulatory mechanisms to maintain body temperature and are at 497 risk of temperature instability due to a larger body surface area to weight ratio, reduced subcutaneous fat 498 stores, and an immature sympathetic nervous system which inhibits the neonate from initiating behaviours to 499 rectify being cold, such as 'shivering' (Brown & Landers, 2011 
Blood Glucose Levels 513
The only Early Warning Tool tested in this study that incorporated blood glucose level monitoring was the 514 New South Wales Early Warning Tool. To date, as with other physiological parameters, there is no defined 515 range for blood glucose levels, even though traditionally there appears to be agreement in the literature that 516 suggests intervention should begin when the blood glucose level is at or below 2.6mmol/L (Tin, 2014). Our 517 results suggest that by incorporating the blood glucose level, the New South Wales tool identified more cases 518 compared to the other Early Warning Tools. On the other hand, this tool had a normal blood glucose level 519 range between ≥3.0 and ≤10mmol/L. This conservative reference range triggered an escalation of care for a 520 number of controls exhibiting blood glucose levels ≥2.8mmol/L, which is considered normal at the study 521
hospital. 522 523
Behavioural observations 524
This study identified a number of observations in the case group that were not physiologically deranged vital 525 signs but clinical observations such as vomiting (with or without mucous), sleepiness and not feeding. 526
Moreover, these clinical observations were not included in the six physiological observations recommended 527 by the Australian Commission on Quality Safety Health Care yet triggered an escalation of care due to theA c c e p t e d M a n u s c r i p t 18 concern of the clinician. Emerging research from the United Kingdom suggests that the gut instinct or 529 clinician intuition or concern regarding the patient is almost as effective as assessment of vital signs alone in 530 identifying the need for admission to the acute health setting (D. Roland, personal communication, 531
December 18, 2014). Therefore, it is vital that the design of an Early Warning Tool incorporates the ability 532 for the clinician to notate and escalate their concerns when required. 533
534
Clinical observable behaviours 535
The Standard Observation Tool incorporates a free text space that allows documentation of changes or 536 concerns with the newborns behaviour. For example, an irregular heartbeat, urine output, bowel motions, 537 vomiting, distended abdomen, the degree of being unsettled (inconsolable), grimacing (pain), and/or 538 sleepiness. The only early warning tool to incorporate elements of behaviour was the United Kingdom Tool, 539 which allowed documentation of behaviours and incorporated escalation processes depending on the 540 coloured zone the observation entered. 541
542
Strengths and limitations 543
A strength of this study is that a Neonatal Early Warning Tool designed in the United Kingdom and two 544 designed by different health authorities in Australia were compared to a Standard Observation Tool, which 545 has traditionally been used in the maternity ward for all neonates post birth at the study hospital. We 546 compared tools based on single parameter colour coded track and trigger system and an aggregate score 547 system and to the best of our knowledge, this is the first study of its kind in neonates in maternity settings. 548
549
While the data applied to the Early Warning Tools was from a retrospective data source, the data itself was 550 captured at the time of being documented. Even though both retrospective and prospective data may suffer 551 biases (Pannucci & Wilkins, 2010) , to minimise bias due to seasonal variations and staff changes we 552 sampled all late preterm and post term neonates and a random selection of early term neonates, deemed well 553 who deteriorated in the maternity setting over a 12-month period. However, a limitation of this study and a 554 weakness of studies relying on retrospective data is that it can be incomplete and the validity of the data is 555 difficult to verify. Therefore, we were unable to verify several sets of observations that we surmise were 556 recorded in the wrong column. Due to a lack of documentation and the passing of time nor could we verify if 557 an escalation of care did or did not take place for both cases and controls with abnormal observations. 558
559
Conclusion 560
This study compared three Early Warning Tools designed for use for neonates cared for in the maternity 561 setting. Although the concept of an early warning tool is viewed as a positive step in the safe care and 562 management of neonates, the results of this study demonstrate that overall, the three Early Warning Tools 563 tested did not trigger an escalation of care more frequently than that of the Standard Observation Tool for 564 either cases or controls. Subgroup analysis by gestational age revealed differences between the tools in 565 frequency of triggering an escalation of care. However, the findings demonstrate that the design andA c c e p t e d M a n u s c r i p t
